Objectives: Associations between two alternative formulations of job stress derived from the effort-reward imbalance and the job strain model and first non-fatal acute myocardial infarction were studied. Whereas the job strain model concentrates on situational (extrinsic) characteristics the effortreward imbalance model analyses distinct person (intrinsic) characteristics in addition to situational ones. In view of these conceptual differences the hypothesis was tested that combining information from the two models improves the risk estimation of acute myocardial infarction. Methods: 951 male and female myocardial infarction cases and 1147 referents aged 45-64 years of The Stockholm Heart Epidemiology (SHEEP) case-control study underwent a clinical examination. Information on job stress and health adverse behaviours was derived from standardised questionnaires. Results: Multivariate analysis showed moderately increased odds ratios for either model. Yet, with respect to the effort-reward imbalance model gender specific effects were found: in men the extrinsic component contributed to risk estimation, whereas this was the case with the intrinsic component in women. Controlling each job stress model for the other in order to test the independent effect of either approach did not show systematically increased odds ratios. An improved estimation of acute myocardial infarction risk resulted from combining information from the two models by defining groups characterised by simultaneous exposure to effort-reward imbalance and job strain (men: odds ratio 2.02 (95% confidence intervals (CI) 1.34 to 3.07); women odds ratio 2.19 (95% CI 1.11 to 4.28)). Conclusions: Findings show an improved risk estimation of acute myocardial infarction by combining information from the two job stress models under study. Moreover, gender specific effects of the two components of the effort-reward imbalance model were observed.
D
uring the past decades two theoretical models measuring stressful psychosocial work environment have been developed and tested with particular intensity: the job strain model and the model of effort-reward imbalance.
The well known job strain model assumes that exposure to work places with a specific task profile (high demands in combination with low decision latitude) contributes to stress related cardiovascular risk and disease. [1] [2] [3] [4] [5] Job strain was found to be associated with coronary heart disease in many prospective studies (for overview see references 3 6 ). Alternatively, the effort-reward imbalance model maintains that lack of reciprocity between efforts spent and rewards received (that is, high "cost"/low "gain" conditions) in a core social role, the work role, defines a state of emotional distress with special propensity to autonomic arousal and neuroendocrine response. 7 Two components of efforts and rewards are distinguished in the model: an extrinsic component mirroring distinct job conditions (effort: demands, obligations; rewards: money, esteem, career opportunities, and security), and an intrinsic component, the personal coping style termed "overcommitment". "Overcommitment" defines a set of attitudes, behaviours, and emotions reflecting excessive striving in combination with a strong desire of being approved and esteemed. People characterised by "overcommitment" are exaggerating their efforts beyond levels usually considered appropriate. Effort-reward imbalance was shown to be associated with coronary risk and disease in two prospective 8 9 and several cross sectional (for overview see Peter and Siegrist 10 ) studies.
While there is some overlap between the two models with respect to the demand component, they clearly differ in two regards: firstly, the job strain model is restricted to the situational aspects of the psychosocial work environment whereas the effort-reward imbalance model includes both extrinsic (situational) and intrinsic (person) characteristics. Secondly, by focusing on salaries, promotion prospects and job stability, among others, the latter model more explicitly links stressful experience at work with broader labour market conditions. Therefore, a combination of information derived from the two models may capture a broader range of stressful experience at work and, thus, result in an improved risk estimation of stress related disease onset.
More recently gender (role) specific effects of psychosocial work environment on cardiovascular health were studied, emphasising the specific role of employed women (double exposure, less career continuity). 11 12 Taking into account these gender specific effects it may well be that the components of the job stress models mentioned above exert differential impact on health according to gender roles. For instance, in a previous report we found stronger effects on cardiovascular risk factors produced by the intrinsic component of the effortreward imbalance model in women compared with men. Conversely, stronger effects of the extrinsic component were observed in men. 13 This difference, to some extent, may reflect gender-role related value preference (for example, high value assigned to occupational status control in male gender role (as measured by extrinsic reward components). Therefore, we test the hypothesis of differential impact on disease risk produced by the two components of the effort-reward imbalance model (extrinsic versus intrinsic) in men versus women.
In this report two research questions are analysed: firstly, as mentioned, we investigate whether gender specific associations between different components of stressful psychosocial work environment and acute myocardial infarction are present. Secondly, we explore to what extent a combination of information from both models, the job strain model and the effort-reward imbalance model, improves the risk estimation of first non-fatal acute myocardial infarction.
METHODS
The Stockholm Heart Epidemiology Programme (SHEEP) investigation is a population based case-referent study on factors associated with acute myocardial infarction. The study base comprised all male and female residents living in Stockholm county and aged 45-70 years. Cases were all persons with first fatal or non-fatal acute myocardial infarction between January 1992 and January 1994 (men) and between January 1992 and December 1994 (women) according to specified diagnostic criteria including information on symptoms, electrocardiogram, blood chemistry, and necropsy findings. Cases were identified by 10 cardiology units of emergency hospitals each covering a defined area and from death records for fatal cases who died outside hospitals. Referents were chosen from computerised registers of the county population at the same time as cases. Referents were matched by age, gender, and hospital catchment area. One referent per case was included and non-responding referents were substituted for in order to obtain at least one referent for each of the 2246 identified cases. A more detailed description of the study design and methods is available from Reuterwall et al. 14 The present analysis was restricted to employed surviving cases and referents aged 45-64 years. This age group was chosen as relations between adverse psychosocial work environments and cardiovascular risk are expected to be strongest before the age of 65 years. 7 15 Moreover, only non-fatal cases were included because of the fact that information on psychosocial exposure and health related risks was obtained from standardised questionnaires (see below). Thus, the present sample consists of 951 cases and 1147 referents. Response rates were 77.8% for male and 80.9% for female cases and 75.3% for male and 71.7% for female referents respectively.
Biomedical measures
A clinical examination including measurement of blood pressure and blood sampling (after overnight fasting) was conducted for non-fatal cases and referents at least three months after disease onset. High density lipoprotein (HDL) cholesterol was measured according to Warnick, 16 and low density (LDL) lipoprotein was measured according to Fridewald's formula 17 (for detailed description see references 4 14 ).
Questionnaire information
In addition to the clinical examination standardised questionnaire information on medical history including hypertension, hyperlipidaemia, diabetes, and coronary heart disease was available. Type and duration of medication, cigarette smoking (numbers per day, smoking history), and physical exercise (type and frequency) were also assessed with the help of tested standardised questions. Information on job strain and effort-reward imbalance was obtained from standardised questionnaires. Job strain was measured by the Karasek demand-control questionnaire containing four point Likert scaled items ranging from never to almost always. 3 18 Five items addressed demands and six items focused on decision latitude. Cronbach's α ranges from 0.61 to 0.75 for job demands and from 0.68 to 0.86 for decision latitude among men. 4 19 Among women respective values range from 0.51 to 0.72 for demands and from 0.73 to 0.85 for decision latitude. 19 To define job strain a ratio of demands and decision latitude was calculated according to a procedure used in recent studies: the sum score measuring demands is divided by the sum score measuring decision latitude with higher values indicating higher decision latitude; people in the upper quartile of this job strain ratio are defined as exposed. 4 14 20 The upper quartile is defined using the distribution of the job strain ratio among the referents.
Effort-reward imbalance was measured by a standardised questionnaire containing 42 Likert scaled items. The extrinsic (situational) component of the model was assessed by 13 items measuring the frequency of time pressure, high responsibility, overtime work and increasing responsibility (factor extrinsic effort), the frequency of esteem by colleagues and superiors, and insufficient career reward (job insecurity and undesirable job change) (factor occupational reward). This part of the questionnaire was not identical with the original items measuring occupational effort and reward, but was shown to be a useful proxy measure of the extrinsic model component. 13 21 However, psychometric properties of the two factors were less satisfying (Cronbach's α=0.32 for effort and 0.37 for reward) than those of the original factors in other ongoing studies (Cronbach's α=0.71 for effort and 0.80 for reward). According to the theoretical formulation a ratio of effort (nominator) and reward (denominator) was calculated to assess the degree of imbalance between high cost and low gain at work where a value >1.0 indicates the critical condition. 13 22 Information on the personal or intrinsic component of the model, the coping pattern overcommitment, was assessed by a psychometric test composed by 29 Likert scaled items. Confirmatory factor analyses of three different large datasets testing the unidimensionality of the construct found evidence for this solution although the goodness of fit was not optimal (GFI=0.76-0.81). Cronbach's α of this scale was 0.77. A sum score of the intrinsic component measuring overcommitment was computed. According to test statistical indication, a score ranging in the upper tertile (=13, scale range 0-29) was considered a psychosocial risk condition as several independent studies documented increased cardiovascular risk in subjects whose scores exceeded this threshold. 8 13 As situational and personal components are clearly distinct at the conceptual and at the operational level, the relative contribution of each component to an explanation of adverse health can be assessed in quantitative terms. Finally, it is important to mention that the operationalisation of either job stress model was independent from each other.
Among cases all questionnaire information was retrospectively related to the time before disease onset. Table 1 describes cases and referents in terms of core variables measuring sociodemographic characteristics, cardiovascular risk factors, and job stress. The higher mean blood pressure among referents may be explained the hospitalisation of cases after acute myocardial infarction and related antihypertensive medication. Yet, the proportion of hypertensives is higher among cases because of the fact that subjects taking antihypertensive medication on a regular basis were defined as belonging to the group of hypertensives.
Statistical analysis
Multivariate logistic regression models were calculated to answer the research questions. Subjects with missing data were excluded listwise-that is, people with missing information on at least one of the items in analysis were excluded. This procedure may result in a slight change of subject numbers in either logistic regression model according to the variables included. The model fit was estimated with the help of the Likelihood ratio difference test. 23 24 All analyses were performed separately for men and women controlling for the following confounders: smoking (current, ex smokers, never smoker), lack of physical exercise (< twice/week), body mass index (>27 kg/m 2 ), hypertension (WHO criteria), total cholesterol (>5.68 mmol/l), family history of coronary heart disease (yes/no), and history of diabetes (yes/no). Possible statistical first order interaction effects between confounders and job stress indicators were tested. As hospital catchment area and age were neither associated with the exposure nor changed the risk estimation concerning the psychosocial exposures both variables were excluded from analysis.
Multivariate analysis was performed in three steps. Firstly, the effect of job strain and effort-reward imbalance on acute myocardial infarction was calculated separately-that is, not adjusting for the other model (tables 2 and 3). Secondly, the association between effort-reward imbalance, job strain and acute myocardial infarction was estimated while adjusting each job stress model for the other (table 4) . This procedure permits the testing of the independent contribution of either model to the risk estimation of acute myocardial infarction. Thirdly, to test the combined effect of effort-reward imbalance and job strain on myocardial infarction distinct exposure groups were computed (table 5): (1) unexposed: neither effort-reward imbalance nor job strain present; (2) effortreward imbalance present but job strain absent; (3) job strain present but effort-reward imbalance absent; (4) both effortreward imbalance and job strain present. The strongest effect on acute myocardial infarction is expected for category (4) . Because of expected gender-specific effects of effort-reward imbalance 13 the two measures of effort-reward imbalance were combined with job strain in different regression models. Accordingly, effects of the above mentioned four exposure groups were calculated in separate models stratified for gender: (a) model I for the combination of the effort-rewardratio and the job strain ratio, and (b) model II for the combination of overcommitment and the job strain ratio.
RESULTS
Associations between the two components of the effortreward imbalance model and acute myocardial infarction are shown in table 2. In men the measure of the extrinsic component (that is, the effort-reward-ratio) is associated with increased risk of acute myocardial infarction after adjustment for different confounders. Odds ratios are 1.41 and 1.58 respectively. Yet, the association of the intrinsic component *Adjusted for effort-reward-ratio or overcommitment respectively and hypertension, total cholesterol, diabetes, family history of CHD; †additionally adjusted for cigarette smoking (never/former/current), BMI >27, lack of physical exercise (<2/week).
(that is, overcommitment) with the outcome remains statistically insignificant. In contrast, in women overcommitment is associated with acute myocardial infarction after adjustment for hypertension, total cholesterol, history of diabetes, and coronary heart disease (odds ratio 1.68) whereas no influence of the effort-reward ratio is observed. Yet, the association of overcommitment with myocardial infarction in women seems to be affected by behavioural risk factors as indicated by decreasing risk estimations after additional adjustment for smoking, lack of physical exercise, and body mass index. Table 3 displays findings concerning the job strain model. Among both men and women job strain is associated with acute myocardial infarction. Whereas this association remains significant in men after adjustment for confounders (odds ratios are 1.39 and 1.45 respectively), significance disappears in women by taking particular behavioural risk factors into account (odds ratios 1.68 and 1.39 respectively).
To test the independent association of either job stress model with acute myocardial infarction effort-reward imbalance and job strain were adjusted for each other and additional confounders. As can be seen from table 4 no significant contribution neither of effort-reward imbalance nor of job strain is found among men after adjustment (1). Additional adjustment for behavioural cardiovascular risk factors (adjustment (2)) shows a significant contribution of the effort-reward ratio to the risk estimation of acute myocardial infarction. Among women only job strain is associated with the outcome after controlling for both components of the effort-reward imbalance model and additional confounders (adjustment (1)). No significant contribution of job stress among women is found after adjustment (2).
To answer the second question of this study information on the two job stress models was combined to estimate odds ratios of acute myocardial infarction. Table 5 shows respective *Adjusted for each other and additionally adjusted for and hypertension, total cholesterol, diabetes, family history of CHD; †additionally adjusted for cigarette smoking (never/former/current), BMI >27, lack of physical exercise (<2/week). *Adjusted for effort-reward-ratio or overcommitment respectively and hypertension, total cholesterol, history of diabetes, family history of CHD; †Additionally adjusted for smoking (non-smoker, ex smoker, current smoker), lack of physical exercise, BMI.
findings in separate analyses for men and women. As described in the Methods section two logistic regression models were estimated: in model I the combination of the effortreward ratio with job strain was analysed, in model II the combination of overcommitment with job strain was explored. Table 5 shows that, among men, acute myocardial infarction risk is increased in the group characterised simultaneously by an increased effort-reward ratio (>1.0) and job strain ratio (upper quartile) (odds ratio 1.72 and 2.35) compared with the remaining groups. As suggested at the beginning of the article, risk estimation based on a combination of the two job stress models results in relatively consistent effects (model I: effort-reward imbalance and job strain in men). In women, after full statistical adjustment, a similar association is not found.
With regard to overcommitment and job strain (model II) reversed gender specific effects are observed: in women, the group characterised by overcommitment (upper tertile) and job strain ratio (upper quartile) exhibits an increased acute myocardial infarction risk (OR 2.23) compared with the remaining groups. Risk estimation based on a combination of the two job stress models, again, results in relatively consistent associations between job stress and myocardial infarction (model II: overcommitment and job strain in women). In men, after full adjustment, similar associations are not observed.
DISCUSSION
Results of this large representative case-control study support earlier prospective and cross sectional observations of increased cardiovascular risk and disease rates in employees exposed to a stressful psychosocial work environment as measured by two complementary job stress models. In particular, three findings became evident in this study. Firstly, job strain was associated with increased odds ratios of acute myocardial infarction in men and, to a lesser extent, in women, whereas the two components of the effort-reward imbalance model were associated with myocardial infarction risk according to gender: among men, the effort-reward ratio (situational component) contributed significantly, among women, overcommitment, the personal component, contributed significantly to the risk estimation. Secondly, controlling for each job stress model respectively resulted in an independent effect of the effort-reward ratio on risk estimation among men whereas no association of the components of the two models with cardiovascular risk was found among women, after extensive controlling for confounders. Thirdly, this study showed that by combining information from the two models estimation of disease risk can be substantially improved. Additional analyses controlling for socioeconomic group and for full time compared with part-time work did not change these results.
Validity of measures
It has been argued that self report measures of job stress are subject to substantial measurement bias, particularly so in retrospective investigations such as the current case-control study. Therefore, validation efforts are particularly important. As self reported information among cases was collected after a clinical manifestation of myocardial infarction recall of previous stressful circumstances may have biased the findings.
We cannot rule out this argument. However, the findings of this study are in line with a body of evidence derived from prospective epidemiological investigations. 3 8 9 Moreover, in both models, highly aggregated measures of job stress were constructed by the researchers using standard procedures based on theoretical considerations (effort-reward ratio, sum score overcommitment, job strain ratio). It is unlikely that variation in recall bias between cases and referents varies systematically according to these aggregate measures. In addition, previous investigations studying the confounding effects of distinct psychological characteristics of respondents (for example, negative affectivity, neuroticism, depressive mood) 9 and of knowledge about one's health condition 8 found little impact on the robustness of findings. Several investigations compared expert based ratings of job strain 9 or inferred measures of job strain based on a work exposure matrix 4 25 with self report measures. Sensitivity and specificity of self reports and inferred measures with regard to myocardial infarction were found to be similar in cases as compared with controls. 4 Further support for the internal consistency and the predictive validity of self reported job strain measures can be obtained from a recent report on psychometric information of these measures. 25 The validity of effort-reward imbalance measures is substantiated by a number of recent (partially unpublished) findings. They concern (a) the replication of the factorial structure of measures across different populations; (b) the ability of the model's components to explain a range of health outcomes 10 ; and (c) the correspondence of self report measures with externally assessed working conditions. 7 8 21 26 Combination of models In a commentary Kasl noted that comparisons of different job stress models with regard to health outcomes are needed to advance the current state of the art. 27 The independent contribution of either job stress model towards explaining new reports of coronary heart disease has been analysed in one investigation, the Whitehall II prospective cohort study by adjusting the effect of one model for the other.
9 Similar findings were obtained with regard to subjective indicators of wellbeing. 28 Yet, no attempt was made to combine the information from the two models in distinct exposure groups to improve statistical prediction. 9 Consequently, this was done in this study. This statistical approach is different from adjusting-that is, weighting the effects of one model for the effect of the other one-as each subject is exclusively defined by one of the four categories of the respective exposure variable (see table 4 ). Accordingly, this procedure provides a more conservative risk estimation. Further support of this approach is given by the fact that no overlap between measures of the two models did exist in our analyses-that is, the two models represent distinct conceptual and operational approaches, and correlations between scales from the two models were found to be low, with the exception of a moderate correlation between demand and effort, varying between r=0.32 and r=0.50.
Previous investigations combining the two models observed an improved prediction or explanation of health indicators. 9 28 However, these studies were based on the confounding approach mentioned. Moreover, one study was conducted in a relatively homogeneous occupational population 9 and, at least in one investigation, health criteria were not as objective as in this report, and measures of the intrinsic model component were not included. 28 Regarding gender specific results the observed association of overcommitment with cardiovascular risk among women is in accordance with previously reported findings from another large epidemiological study. 9 These findings call for further analyses with particular emphasis on gender roles. They also suggest that additional factors not analysed in this study may be important in affecting cardiovascular health in women, such as extra work stressors or their cumulation with adverse working conditions, lack of control in general life, multiple role obligations, and limited resources. 13 30-33 Limitations of the study Several limitations need to be taken into account. Although the study sample is representative of the total work force in Stockholm county it consists of an urban, north western European work force characterised by an overall high level of education and a relatively low degree of income inequality. This work force may not adequately reflect the full amount of work related stress that is experienced among populations characterised by more pronounced socioeconomic differences and exposed to more powerful labour market dynamics. But even so, associations of psychosocial work stress with coronary heart disease in this report may be underestimated as young victims of myocardial infarction (<45 years) were excluded. Young victims were found to be characterised by pronounced work related stress experience. 15 It is unlikely that the restriction to non-fatal cases led to a survival bias influencing the associations under study. Additional analyses showed no difference between fatal and non-fatal cases regarding exposure to objectively measured job strain and related risks of acute myocardial infarction.
Unselected missing data mainly caused by a lack of information from the clinical screenings led to a reduced number of subjects who entered multivariate analyses (tables 2 to 5) compared with the original sample. Yet, no difference between the original sample and the reduced sample was found with regard to psychosocial exposure prevalence and to case/referent status. Therefore it is unlikely that the reduced numbers of subjects in multivariate analysis affected the associations under study.
Furthermore, the inclusion of socioeconomic group as confounder in additional multivariate analysis did not affect the results of this study. Yet, it should be mentioned that our definition of socioeconomic group (that is, white collar versus blue collar) does not cover the whole range of social inequality indicators although it defines an important part of socioeconomic status.
As mentioned, the extrinsic part of the measures of effortreward imbalance at work was not identical with the original measures. Only a reduced number of items was included mainly because of practical constraints in view of the large sample size. The reduced number of items in these proxy measures may be responsible for the relatively low reliability of respective scales. This holds particularly true as information obtained from these items has been dichotomised (see Methods section). With few binary items in a scale only relatively low Cronbach's α values can be expected. 34 Thus, we cannot rule out the assumption that improved measures-that is, full application of original measures, might contribute to a more adequate estimation of the risk.
Nevertheless, further independent prospective assessment of the predictive validity of information derived from a combination of the two work stress models is needed before policy implications of reported results for the design of work site health promotion measures can be addressed.
In conclusion, to our knowledge, this is the first report demonstrating improved estimation of risk of documented acute myocardial infarction by combining information from two complementary job stress models, the job strain model and the effort-reward imbalance model. Although recall bias resulting from the case-control design of the study cannot be ruled out findings point to the promise of comparing and combining conceptually different job stress models in studies of occupational health.
